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Abstract
Background
The North Star Ambulatory Assessment (NSAA) documents motor performance in ambulatory individuals with Duchenne muscular dystrophy (DMD). Health Utilities Index (HUI) scores, reflecting preferences for health-related quality-of-life (HRQoL) implications of health states, are commonly estimated within trials. This study sought to characterize the relationship between the NSAA score and utility in DMD.

Methods
Family members serving as proxy respondents for placebo-treated ambulatory individuals with DMD (NCT01254019; BioMarin Pharmaceuticals Inc) completed the HUI and the NSAA (score range, 0–34). Mean change over time on these measures was estimated, and the correlation between changes in NSAA score and a) HUI utility; b) HUI3 ambulation and HUI2 mobility attribute scores, over 48 weeks was calculated.

Results
Baseline mean (range) age was 8.0 years (5–16; n = 61) and mean (standard deviation [SD]) scores were 0.87 (0.13; HUI2), 0.82 (0.19; HUI3), and 21.0 (8.1; NSAA). Mean (SD) change over 48 weeks was –0.05 (0.14; HUI2), –0.06 (0.19; HUI3), and –2.9 (4.7; NSAA). Weak positive correlations were observed between baseline NSAA score and HUI utility (HUI2: r = 0.29; HUI3: r = 0.17) and for change over 48 weeks (HUI2: r = 0.16; HUI3: r = 0.15). Stronger correlations were observed between change in NSAA score and the HUI3 ambulation (r = 0.41) and HUI2 mobility (r = 0.41) attributes.

Conclusions
Among ambulatory individuals with DMD, NSAA score is weakly correlated with HUI utility, suggesting that motor performance alone does not fully explain HRQoL. Stronger relationships were observed between HUI ambulation and mobility attributes, and NSAA. Although unidimensional measures like the NSAA are informative for documenting disease-specific health impacts, they may not correlate well with measures of overall health status; requiring use in conjunction with other patient-reported and preference-based outcomes.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12955-023-02160-8.
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Introduction
Duchenne muscular dystrophy (DMD) presents in early childhood with muscle weakness, gait abnormalities, impaired posture, and delayed motor function [1–5]. Progressive degeneration of muscle cells and development of muscular weakness leads to loss of ambulation in the pre-teenage and early teenage years. Over time, patients further succumb to loss of upper limb function, giving rise to functional dependence, respiratory insufficiency, progressive decline in cardiac function, and premature mortality [6]. These symptoms of DMD impact patient comfort, activities of daily living, and health-related quality-of-life (HRQoL) [7]. DMD is therefore a complex chronic condition that significantly impacts both patients and their families/caregivers due to the severity of symptoms, its progressive nature, the impact of caregiving tasks, and the associated loss of functional independence [8].
Given the impact loss of motor function has on functional independence and HRQoL for those with DMD, maintaining the ability to ambulate is an important treatment goal; therefore, assessing motor and ambulatory function are important endpoints [9]. The North Star Ambulatory Assessment (NSAA) is a validated and reliable instrument that measures changes in motor performance (such as ability to rise from the floor (RFF), move from sitting to standing, jump, run, walk, and ascend/descend steps) in ambulant individuals with DMD [10–12]. The NSAA may be used in combination with timed function tests (TFTs) to further assess different aspects of changes in motor performance. Some studies have reported correlations between NSAA scores and TFTs [13–15]. While one study has shown that NSAA score and other measures of physical function (e.g., 6-minute walk test [6MWT] distance, as well as other TFTs) are correlated with selected measures of HRQoL at baseline, this relationship did not hold when considering 12-month changes [16]. Moreover, other data to directly describe the relationship between performance on functional motor assessments in DMD and HRQoL scores are presently unavailable.
Utility values reflect individual preferences for the HRQoL impact of a given health state or health outcome. These are represented as values anchored from 0 (dead) to 1 (perfect health) [17] and are used in economic evaluations to quality-adjust life years for patients on a particular treatment [18]. Economic evaluations are conducted to understand the potential ‘value for money’ of interventions for a given health condition [19]. Several standardized and comprehensive generic preference-based instruments have been developed for valuating HRQoL, including the Health Utilities Index (HUI), Short-Form 6D, and the EuroQoL Group’s EQ-5D survey. These instruments include a generic HRQoL questionnaire and an accompanying formula or set of weights elicited from a sample of the general population for converting responses into utility values.
Existing data on health state utility in DMD [20, 21] are largely derived from the EQ-5D and the HUI, and a systematic review identified five studies that published health state utility from the perspectives of patients with DMD and their caregivers [20]. Patient and caregiver (or patient-proxy) utility estimates deteriorate significantly between early ambulatory and late non-ambulatory health states [7, 22]. A recent study evaluated changes in health state utility over time and predictors of utility in DMD using the HUI [23]. However, to date, little has been reported on the association between clinical and functional outcome measures, such as the NSAA, and patient HRQoL (measured by generic utility measures, like the HUI).
For DMD, higher utility values would be expected in patients with greater functional abilities and lower utilities in patients with lesser functional abilities. While data are not presently available for DMD, this relationship has been observed between ambulatory function tests (like the 6MWT) and multidimensional measures of utility in other therapeutic areas (including muscular dystrophy in adults, cystic fibrosis, heart failure or other pulmonary diseases for example) [24–27]. Whether a similar relationship exists between measures of motor performance (such as the NSAA) and utility has not previously been investigated in DMD. The objectives of this study were therefore to describe the relationship between motor performance (measured by NSAA score) and health state utility scores (measured by HUI) over time, among a sample of ambulatory individuals with DMD.

Methods
Data from placebo-treated ambulant males with DMD aged ≥ 5 years old with exon 51 skip amenable mutations recruited under NCT01254019 (provided by BioMarin Pharmaceutical Inc.) were included. These data were collected as part of a placebo-controlled double-blind randomized trial to assess the safety and efficacy of a novel therapy (drisapersen) for DMD; the clinical protocol inclusion criteria required patients be able to complete the 6MWT of > 75 m at each pre-drug visit. The follow-up period was 48 weeks from baseline (randomization) [28].
The study protocol, informed consent, and other study documents were reviewed and approved by national, regional, or investigational center ethics committee or institutional review boards, as appropriate. The NCT01254019 study was performed in accordance with the International Conference on Harmonisation Good Clinical Practice guidelines, the Declaration of Helsinki (2008), and applicable country-specific requirements. Written informed consents from parents/caregivers and assent (from appropriately aged individuals) were obtained for all study participants prior to any study procedure.
Outcome measures
To measure utility, family members responding on behalf of patients completed the 15-item HUI questionnaire at screening (proxy reporting), baseline, 24 weeks, and 48 weeks (or early withdrawal). HUI responses were used to derive utility (on a scale of 0 [dead] to 1 [full health]) according to two complementary health-status classification systems: the HUI mark 3 (HUI3) and the HUI mark 2 (HUI2) [29]. The HUI3 system considers eight attributes: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain. The HUI2 system considers seven attributes: sensation (vision, hearing, and speech), mobility, emotion, cognition, self-care, pain, and (optionally) fertility. Descriptive levels of impairment range from 1 (no impairment) to 5 or 6 (severe impairment) for the eight HUI3 attributes and from 1 (no impairment) to 4 or 5 (severe impairment) for the six relevant HUI2 attributes (as fertility was excluded). Therefore, for both HUI3 and HUI2 attributes, increasing attribute levels indicate worsening function. HUI3 and HUI2 attribute levels are transformed using the developers’ algorithm to generate an overall HUI3 and HUI2 utility score [30]. “Single-attribute” scores of morbidity provide insight into health deficit measured by each attribute and range from 0 to 1. The clinically important change in overall HUI utility scores is 0.03 [29]. An outline of the HUI scoring algorithm is provided in Supplementary Fig. 1.
To measure motor performance, the NSAA was conducted by trained assessors at baseline and every 12 weeks for 48 weeks. The NSAA is a 17-item functional assessment scale designed for evaluating ambulant boys with DMD, where performance on tests related to motor performance (e.g., box climbing, lifting head, running) is assessed [11]. Scores range from 0 to 34, with higher scores indicating better motor performance. Each item is scored on a 3-point scale (0 = unable to achieve independently; 1 = modified method but achieves goal independent of physical assistance from another; and 2 = normal – no obvious modification of activity) [11]. Total scores are calculated by summing the scores for the individual items. The validity, feasibility, and reliability of the NSAA have previously been demonstrated [10, 12, 14, 31]. It has been suggested that the clinically important difference in NSAA scores over time is approximately 2.3 points [32, 33].
Additional measures of ambulatory function conducted at baseline and every 12 weeks for 48 weeks included the 6MWT, RFF, and timed 10-meter walk/run (10MWR) tests. The 6MWT measures the total distance (in meters) walked by an individual on a flat hard surface within 6 min [34]. The RFF test measures the time taken to rise from a standardized supine position to upright standing [11]. The timed 10MWR test measures the time spent walking/running 10 m as quickly as possible while ensuring that the participant is safe [11]. For both the 10MWR and RFF tests, a grading code from 1 to 6 can be assigned based on performance on the tests. These grading codes have the advantage of being able to assign values to patients for whom timed test values cannot be recorded due to physical inability. Definitions and explanations of scoring by measure are outlined in the Supplementary Table.

Analysis
Demographics at baseline were summarized. HUI3 and HUI2 attribute levels were calculated for each individual at baseline, 24 weeks, and 48 weeks (where this was possible, given availability of the required responses from the HUI questionnaire at each time point). An individual’s HUI responses could be unavailable due to incomplete, incorrect, or uninformative responses, or a missing assessment; no imputation was performed for visits with missing data. HUI3 and HUI2 utility values were estimated for each individual at these same visits following the developers’ algorithm and scoring instruction [30]. To summarize HUI utility at baseline and over time, mean (standard deviation [SD]) utility values were calculated at baseline, 24 weeks, and 48 weeks [23]. Similarly, mean (SD) NSAA score values were calculated at baseline and every 12 weeks, to 48 weeks. In an exploratory analysis, these mean (SD) values of HUI utility and NSAA score by visit were stratified by age (< 8 years, ≥ 8 years). The mean HUI score, NSAA total score, 6MWT distance, 10MWR grade, and RFF grade at baseline were summarized. Mean changes in NSAA score, 6MWT, and HUI score from baseline to 48 weeks were also described.
To explore the relationship between the NSAA and other functional measures, correlations between NSAA score and the 6MWT, RFF grade, and 10MWR grade at baseline were explored. The correlation between 6MWT and HUI2 and HUI3 utility at baseline, and change in scores over time, was also calculated.
Scatterplots with best-fitting lines were used to explore the relationship between NSAA score and HUI utility. Correlations were estimated between NSAA score and HUI score at baseline, as well as correlations between changes in NSAA and HUI scores over 48 weeks. The characteristics of individuals that contribute to variability in the estimate of correlation between NSAA and HUI scores was visually assessed. The correlation between change in NSAA scores and change in HUI3 and HUI2 attribute scores was also explored. A linear regression analysis was run to estimate the change in HUI score associated with a one-unit change in NSAA score. The percent of variation around mean changes in utility explained by changes in NSAA score (from baseline to week 48) was estimated using the R2 measure from this linear regression analyses.
Correlations between ordinal measures (NSAA with RFF or 10MWR), or utility and NSAA, were calculated as Spearman’s rank correlations. Pearson’s correlation was used to summarize correlations between utility and 6MWT. All analyses were conducted in R.


Results
Characteristics at baseline
Sixty-one ambulant males with DMD were included in this study. At baseline, mean age was 8.0 years (range, 5 − 16). The mean (SD) utility score was 0.82 (0.19) for the HUI3 and 0.87 (0.13) for the HUI2. The mean (SD) NSAA total score was 21.0 (8.1), mean (SD) grade for the 10MWR test was 4.8 (1.0), and mean (SD) grade for the RFF test was 3.3 (1.4) (Table 1). Mean (SD) distance walked in the 6MWT was 348 (92) meters.Table 1Baseline characteristics


	Characteristics
	DMD sample (n = 61)

	Age, years

	 Mean (SD)
	8.0 (2.4)

	 Median (IQR)
	8 (6, 9)

	 Min, max
	5, 16

	By group, n (%)a

	 5 − 7 years
	29 (47.5)

	 8 − 11 years
	29 (47.5)

	 12 − 16 years
	3 (4.9)

	NSAA total score

	 Mean (SD)
	21.0 (8.1)

	 Median (IQR)
	23 (15, 27)

	 Min, max
	4, 33

	6MWT (m)

	 Mean (SD)
	348 (92)

	 Median (IQR)
	354 (311, 400)

	 Min, max
	108, 566

	10MWR gradeb

	 Mean (SD)
	4.8 (1.0)

	RFF gradeb

	 Mean (SD)
	3.3 (1.4)


Abbreviations: 6MWT 6-min walk test, 10MWR 10-m walk/run, DMD Duchenne muscular dystrophy, IQR Interquartile range, m meters, max maximum, min minimum, NSAA North Star Ambulatory Assessment, RFF Rise from floor, SD Standard deviation
aWhile age categories 8 − 11 years and 12 − 16 years were initially investigated, the three patients in the 12 − 16 years category were considered along with the 8 − 11 year old boys, due to small sample size
bn = 55




Correlation between measures at baseline
At baseline, the correlation was strong between NSAA scores and 10MWR grades (r = 0.80), between NSAA scores and RFF grades (r = 0.79), and between NSAA and 6MWT scores (r = 0.69; Supplementary Fig. 2). Weak positive correlations were observed between NSAA scores and HUI scores at baseline (HUI3: r = 0.17; HUI2: r = 0.29; Fig. 1). Moderate positive correlations were observed between 6MWT and HUI scores at baseline (HUI3: r = 0.39; HUI2: r = 0.43; Supplementary Fig. 2).[image: ]
Fig. 1Scatterplots of HUI utility vs. NSAA score at baseline, with best-fitting lines. Abbreviations: HUI, Health Utility Index; HUI2, Health Utility Index mark 2; HUI3, Health Utility Index mark 3; NSAA, North Star Ambulatory Assessment



Change in NSAA, HUI and 6MWT from baseline to 48 weeks
HUI scores decreased over time, with a mean (SD) utility score at week 48 (or early withdrawal) of 0.75 (0.22) for the HUI3 and 0.81 (0.18) for the HUI2 (Fig. 2). This was a decrease of 0.06 (0.19) and 0.05 (0.14), respectively, among those with non-missing values at both baseline and week 48. NSAA scores, which were variable between individuals, also decreased over time to a mean NSAA score of 18.3 (10.1) at week 48, reflecting a decrease of 2.9 (4.7) from baseline among those with non-missing values at both baseline and week 48 (Fig. 2). Changes were greater on average among older (≥ 8 years) vs. younger (< 8 years; Supplementary Fig. 3) individuals. 6MWT scores also decreased over time, with a mean (SD) distance at week 48 (or early withdrawal) of 296.36 (146.59) meters. Changes were also greater on average among older (≥ 8 years; -83.7 (96.4) meters) vs. younger (< 8 years; -23.8 (59.1) individuals.[image: ]
Fig. 2Mean (SD) A HUI utility B NSAA and C 6MWT score by visit. Note: Whiskers represent 95% confidence intervals. Abbreviations: 6MWT: 6-min walk test; HUI, Health Utility Index; HUI2, Health Utility Index mark 2; HUI3, Health Utility Index mark 3; NSAA, North Star Ambulatory Assessment; SD, standard deviation



Correlation between NSAA and HUI, and 6MWT and HUI
Weak positive correlations were observed between the change in NSAA scores and HUI scores over 48 weeks (HUI3: r = 0.15; HUI2: r = 0.16; Fig. 3). A one-unit decline in NSAA score was associated with a 0.010 decline in HUI3 utility and a 0.004 decline in HUI2 utility. These are represented by the slopes of the best-fitting lines in Fig. 3. The analyses of the percent of variation around mean change in utility explained by change in NSAA score demonstrated that change in NSAA score explained 7% of variability in change in HUI3 scores and 2% of variability in change in HUI2 scores. Weak to moderate correlations were also noted between change in HUI2 and HUI3 utility and change in 6MWT over 48 weeks (HUI2: r = 0.35, HUI3: r = 0.41).[image: ]
Fig. 3Change (week 48—baseline) in HUI utility vs. NSAA score, with best-fitting lines. Abbreviations: HUI, Health Utility Index; HUI2, Health Utility Index mark 2; HUI3, Health Utility Index mark 3; NSAA, North Star Ambulatory Assessment



Correlation between NSAA and particular HUI attributes
Moderate positive correlations were observed between NSAA scores and the HUI3 ambulation (r = 0.41), HUI2 mobility (r = 0.41), and HUI2 self-care (r = 0.42) scores across all visits; NSAA scores were weakly negatively correlated with HUI3 pain (r =  − 0.20; Fig. 4). Visual inspection of scatterplots revealed potential sources of variability that would impact the correlation between NSAA scores and HUI utility values. These sources included individuals with high HUI scores and low levels of function at baseline (Fig. 1), as well as those with large changes in utility and little change in NSAA score (Fig. 3). Specifically, three individuals with relatively stable NSAA scores (change ≤ 1) had substantial declines in HUI3 utility of at least 0.2 due to worsening in attributes, including emotion (1 patient worsened 2 levels), cognition (2 patients worsened 2 levels), and dexterity (1 patient worsened 2 levels). One individual with a small decline in NSAA score of 1 had a large decline in HUI2 utility of 0.40 due to emotion worsening 3 levels and pain worsening 1 level.[image: ]
Fig. 4Spearman correlation of NSAA scores with individual HUI attribute scores, across all visits. Abbreviations: HUI, Health Utility Index; HUI2, Health Utility Index mark 2; HUI3, Health Utility Index mark 3; NE, not estimable; NSAA, North Star Ambulatory Assessment




Discussion
Chronic progressive neuromuscular diseases such as DMD frequently cause reduced ambulatory function and mobility and are known to give rise to diminished HRQoL, and resultant utility values, over time [6–8, 20]. However, few studies have published utility values for DMD health states, and those that exist have only characterized health states by age, ambulatory status, and need for ventilation [20]. There are no utility values for health states that are defined by intermediate clinical endpoints such as the NSAA, which measures gross motor performance among ambulatory individuals with DMD.
In the current study, a strong correlation was observed between NSAA scores and TFTs (10MWR and RFF grades, in addition to 6MWT distance), supporting the value of the NSAA as a measure of motor performance. Other studies have found similar associations between NSAA score and TFTs [13–15]. In 2010, Mazzone et al. [14] assessed functional performance in a cohort of 112 ambulant males with DMD and reported NSAA score had a moderate to good correlation with the 6MWT (ρ = 0.589; p < 0.01) and the RFF (ρ =  − 0.711; p < 0.01) but less with the 10MWR (ρ =  − 0.505; p < 0.01). To better understand the natural history of NSAA scores in those with DMD, Muntoni et al. [13] performed a latent class analysis to identify sets of trajectories based on ambulatory function as measured by NSAA score. Grouping individuals by NSAA-based latent classes, the study found that patterns of decline on the 10MWR and RFF tests were concordant with that of NSAA total score.
Results of the current study showed moderate positive correlations between NSAA score and particular HUI attributes, including HUI3 ambulation, HUI2 mobility, and HUI2 self-care attributes. This finding speaks to criterion validity, as the degree and direction of correlation was expected given that the NSAA and the specified HUI attributes measure similar underlying target concepts.
However, the correlation between baseline NSAA and HUI scores, and in changes in these scores over time, was weak. There are several potential hypotheses to explain this. First, the relationship between ambulatory function or mobility, motor performance, overall health status, and HRQoL is not straightforward. For example, individuals may report improved HRQoL after the occurrence of functional loss accompanying major disease milestones in DMD (such as loss of ambulation) due to adaptation where patients accommodate to their changed functional status [23, 35]. It is notable that the relationship between ambulatory function (measured by the 6MWT) and utility was stronger than that observed between motor performance test ( the NSAA) and utility; suggesting that ambulation may be more important for overall HRQoL than performance on specific motor-related tasks. Second, the underlying construct that is being assessed related to ambulation or mobility, differs between the NSAA and HUI instruments. Ambulation within the HUI3 is based on patients’ ability to navigate their neighborhood. Mobility is conceptualized within the HUI2 as a combination of ambulatory function and dexterity, and because of the importance of upper limb function for dexterity [35], it therefore may have more relevance to those with DMD. In contrast, the NSAA specifically assesses motor performance, not solely ability to ambulate. Third, although the reliability of the HUI has been demonstrated, scores may ultimately be influenced by a variety of other factors, such as the source of report. It is therefore possible that utility as reported by the patients themselves might differ from reports provided by proxy respondents. Fourth, the age-specific analyses of change in HUI and NSAA scores over time highlighted that younger individuals in particular did not experience great changes in either ambulatory function or utility over time; a large proportion of the study sample was in that age category. That little change is observed in ambulatory function among those of younger ages is consistent with what one would expect from the known natural history of DMD [6]. However, a greater change in ambulatory function and utility among individuals in this subgroup would afford a greater ability to detect meaningful correlations. Finally, although large for a study in rare diseases, the small sample size in this study limited the ability to further explore the relationship between functional measures and utility and may have contributed to the weak correlation observed.
The study findings support that changes in NSAA score alone are not necessarily a sole predictor of change in HUI utility and vice versa. The HUI documents health status using a multi-attribute health status classification system, including aspects of ambulatory, physical, cognitive, and sensory function; social and emotional health; and attributes such as ability to complete self-care activities and presence of pain [29]. A previous analysis using the same sample with DMD found that the attributes of pain and emotion along with ambulation/mobility and self-care were the best predictors of changes in utility, as they explained the largest proportion of variability in changes in utility [23]. These data support that additional factors feed into determining HUI utility in DMD, with utility declines being multifactorial and reflecting the impact of numerous aspects of patient well-being.
The HUI by design is a generic, multidimensional health status assessment instrument, and such instruments are not always sufficient for measuring disease-specific impacts in a given population [21]. The DMD-QoL is a novel condition-specific HRQoL measure that was developed through Project Hercules, based on direct patient and caregiver feedback on what is important to those with DMD and their families. Project Hercules envisioned that the DMD-QOL would be used to measure utility values for DMD-specific health states [21, 36]. Given this instrument was developed to measure the specific impacts experienced by those with DMD, it would be interesting to explore its relationship with the NSAA. However, to the best of our knowledge, at the time of this research such an assessment has not yet been presented. Preliminary evidence from the DMD-QOL is suggesting that there is limited difference in utility between many functional health states in DMD{Bever, 2023 #43} – consistent with aspects of the patient testimonies that contributed to the instrument development process – but may result in less sensitivity to change against the NSAA (and as a corollary, have less correlation with the NSAA). The relationship between DMD-QOL and NSAA scores will be an interesting area to investigate with emerging data from the DMD-QOL.
Potential limitations of this study include the use of a relatively small sample size, which limits the statistical power of the analysis. The generalizability of the study may be limited by the fact that the demographic characteristics (e.g., patients were exon 51/53 skip-amenable) were not representative of the wider population of those with DMD; although those who are exon 51/53 skip amenable represent one of the larger mutation subgroups with DMD, their phenotype may be more severe than some others in terms of time to loss of ambulation [37]. Nonetheless, even among ambulatory individuals with DMD, timing of declines in function would vary from patient to patient and observed trajectories need to be interpreted in that context. As previously mentioned, utilities were based on caregivers serving as proxy respondents, which may not as accurately reflect the patient’s preference as would those that were self-reported. Finally, as these were clinical trial participants, even though they were allocated to the placebo group, there is the potential that optimism about potentially receiving an efficacious novel treatment may have impacted outcome assessment.
The results of these analyses highlight that DMD is a multifaceted disease and although functional impairment occurs early in the disease progression, motor performance alone does not fully explain changes in HRQoL in ambulatory individuals with DMD. While NSAA score is correlated with the ambulatory- and mobility-related components of the HUI, it is not strongly correlated with overall HUI utility, suggesting that additional important drivers of utility exist. It is also important to acknowledge that although some domains of the HUI have an appreciable association with the NSAA, overall the two instruments measure different, yet meaningful concepts. It is important to recognize the role of HRQoL and utility, as well as function, in assessing the patient experience in ambulatory children with DMD.
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